Isolation of Vibrio tapetis from two native fish species (Genypterus chilensis and Paralichthys adspersus) reared in Chile and description of Vibrio tapetis subsp. quintayensis subsp. nov. pyrH gene sequence similarities (99.7-100 %) and clustering in the phylogenetic trees, the red conger isolates (Q20, Q047, Q48 and Q50) were confirmed as representing V. tapetis subsp. tapetis. However, they differed from V. tapetis subsp. tapetis CECT 4600 T in their lipase, alpha quimiotripsin and non-acid phosphatase production. On the other hand, the fine flounder isolates (QL-9 T , QL-35 and QL-41) showed rpoD, recA and pyrH gene sequence similarities ranging from 91.6 to 97.7 % with the type strains of the two V. tapetis subspecies (CECT 4600 T and CECT 8161 T ) and consistently clustered together as an independent phylogenetic line within V. tapetis. Moreover, they could be differentiated phenotypically from strains CECT 4600 T and CECT 8161 T by nine and three different biochemical tests, respectively. In conclusion, the presence of V. tapetis in diseased red conger eel and fine flounder was demonstrated, extending the known host range and geographical location for this pathogen. Furthermore, this study demonstrates that the three isolates from fine flounder represent a novel subdivision within V. tapetis, for which the name V. tapetis subsp. quintayensis subsp. nov. is proposed and with QL-9 T (=CECT 8851 T =LMG 28759 T ) as the type strain. Although QL-9 T was isolated from kidney of diseased fine flounder specimens, the challenge assays showed that it was non-pathogenic for this species.
Vibrio tapetis was first isolated in Landeda (France) in 1989 being denominated as VP1 [1, 2] and it was later described as the novel species Vibrio tapetis in 1996 [3] . This species is the causative agent of brown ring disease (BRD) which affects clams, and is characterized by an organic brown deposit on the inner surface of the shell, typically located between the pallial line and the edge of the shell [1] . BRD causes massive mortality in cultured Manila clams (Venerupis philippinarum) and it has also been reported in other species such as Venerupis decussata, Venerupis aurea and Tapes rhomboides [1] . However, V. tapetis has also been isolated during mortalities from different cultivated fish such as Atlantic halibut (Hipoglossus hippoglossus) in Scotland [4] , corkwing wrasse (Symphodus melops) in Norway [5] , wedge sole (Dicologoglossa cuneata) in Spain [6] and more recently from Dover sole (Solea solea) in Belgium [7] .
Regarding virulence, the isolates recovered from Atlantic halibut and wedge sole were unable to cause mortality under laboratory conditions, suggesting that they are opportunistic agents [4, 6] , whereas strain LP2, isolated from corkwing wrasse, seems to be pathogenic to this species [5] . Based on its phenotypical features V. tapetis has been considered a highly homogeneous species, but its isolation from different molluscs and fishes revealed some variability associated with the host origin of the isolates and this has been confirmed by serological and genetic studies [8, 9] . In fact, a recent polyphasic study including 16S rRNA, atpA, fstZ, gapA, pyrH, recA, rpoA, rpoD and topA genes, DNA-DNA hybridization (DDH) and phenotypic traits confirmed this grouping according their host origin and revealed the existence of two subspecies, namely V. tapetis subsp. tapetis and V. tapetis subsp. britannicus [8, 9] .
The current trend in world aquaculture is towards the diversification of cultures, mainly native species. Red conger eel (Genypterus chilensis, Guichenot 1848) and fine flounder (Paralichthys adspersus, Steindachner 1867) are native Chilean species of high gastronomic demand and seasonal exploitation that are projected as candidates for the development of farming technology. Recently, seven bacterial isolates resembling V. tapetis have been isolated from apparently healthy fine flounders as well as from gross external lesions and internal organs of diseased fish from these two native fish species experimentally reared in Quintay, Chile. We report here the characterization and identification of the strains by using a polyphasic taxonomic approach, resulting in the description of one novel subspecies within V. tapetis. Furthermore, we attempted to determine whether this novel subspecies is pathogenic for fine flounders.
The seven bacterial isolates were obtained from native fish species experimentally reared at the Centro de Investigación Marina Quintay (CIMARQ, 33 11¢ 00¢¢ S 71 41¢ 10¢¢ W), Quintay, Chile. Water temperature ranged from 14 to 17.3 C with seawater salinity of 35 %.
During a massive mortality of red conger eel (Genypterus chilensis) larvae on December 2010, isolate Q20 was the only bacterium isolated from a set of moribund larvae. Later, on May 2014 two other isolates, Q48 and Q50, were isolated from external gross lesions in the mouth of an adult red conger eel, and another isolate, Q047, was isolated from the aqueous humor of its eyes. Three other isolates, QL-9 T and QL-41, were recovered from kidney and QL-35 from liver of three different adult specimens of fine flounders (Paralichthys adspersus) that showed evident gross skin lesions on July 2014. It is important to note that QL-9 T was obtained from a symptomatic dead fish, while QL-35 and QL-41 were isolated from two different live diseased fish. V. tapetis subsp. tapetis CECT 4600 T and V. tapetis subsp. britannicus CECT 8161
T were included in all experiments for comparative purposes.
All bacteria were routinely grown onto trypticase soy agar (TSA; Oxoid) supplemented with 1 % (w/v) NaCl (TSA-1) for 48 h to 5 days at 18 C under aerobic conditions. Stock cultures were stored at -80 C in Criobille tubes (AES Laboratory) or in trypticase soy broth (TSB; Oxoid) supplemented with 1 % (w/v) NaCl (TSB-1) and 10 % (v/v) glycerol.
All isolates were subjected to taxonomic analysis by standard morphological, physiological and biochemical plate and tube tests [3, 9] , including for Gram staining, cytochrome oxidase, catalase, motility, oxidization and fermentation of glucose, ornithine decarboxylase, lysine decarboxylase, amylase, gelatinase and lipase production. The utilization of citrate as sole carbon source was tested on Simmons citrate medium (AES Laboratorie) supplemented with 1 % (w/v) NaCl. The ability of the isolates to grow at 4, 15, 18, 22 and 37 C was tested on TSA-1 over a period of 7 days. Growth at different salinities was determined in TSB as basal medium supplemented with 0, 2, 4, 6, 8 and 10 % (w/v) NaCl after 1 week of incubation. Growth was also determined on thiosulphate citrate bile salt sucrose (TCBS; Oxoid), nutrient agar (Oxoid), marine agar (Difco), MacConkey's agar (Oxoid), R2A agar (Oxoid), tryptone yeast salts agar (TYES) [10] and Flexibacter maritimum agar [11] . The haemolytic capacity was also tested on TSA supplemented with 5 % sheep blood agar (BA; bioMerieux) incubated for 5 days at 18 C under aerobic conditions. The drug susceptibility of the isolates to vibriostatic agent O/129 (2,4-diamino-6,7-diisopropylpteridine; 10 and 150 µg; Oxoid), was carried out on Mueller Hinton agar with 1 % (w/v) NaCl as suggested by the Clinical Laboratory Standard Institute for Group 2 organisms (obligate halophilic strains) [12] .
The commercial API 20E, API ZYM and API 50 CH B/E miniaturized systems (bioM erieux) were used following the manufacturer's instructions, except for the temperature of incubation, which was set at 18 C. In API ZYM tests, 1 % (w/ v) NaCl was used to prepare the bacterial suspensions whereas for API 50CH/E an in-house prepared diluent was used [10 g marine broth (Beckton Dickinson), 0.25 g Trizma base (Sigma), 500 ml distilled water and 2 ml of 0.5 % phenol red (Sigma); pH was adjusted to 7.6].
Total DNA was extracted from a colony of each isolate and the reference type strains using InstaGene DNA Purification Matrix (Bio-Rad) following the manufacturer's instructions. DNA from pure cultures was adjusted with sterile milliQ water using a ScanDrop analyser (Analytik), and 1 µl of each DNA suspension (100 ng µl
À1
) was used directly for each PCR amplification, and the remaining DNA sample was stored at À20 C.
To analyse the intraspecific genetic variability within V. tapetis, the enterobacterial repetitive intergenic consensus (ERIC-PCR) and repetitive extragenic palindromic (REP-PCR) amplifications were performed using the primer pairs described by Versalovic et al. [13] and according to the amplification protocol reported for V. tapetis [8] , with the exception that PCRs were carried out using GoTaq Green Master Mix (Promega). This kit is a premixed ready-to-use solution that included all reagents needed for the PCRs (buffer, nucleotides and Taq DNA polymerase) with the exception of the specific primers and DNA template. PCR amplifications were carried out in a G-Storm Thermal Cyclers T Gradient (Labtech).
V. tapetis subsp. tapetis CECT 4600 T , V. tapetis subsp. britannicus CECT 8161
T and strain QL-9 T were selected for use in whole-cell matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) MS analysis. Protein extraction was performed with ethanol, formic acid and acetonitrile. Ethanol (70 %) was added to the pellet and mixed thoroughly before the addition of 50 ml acetonitrile. Processed samples were placed onto a spot of a steel target plate (Bruker Daltonics), air-dried at room temperature and overlaid with 1 ml matrix solution (saturated solution of acyano-4-hydroxy-cinnamic acid in 50 % acetonitrile supplemented with 2.5 % trifluoracetic acid). Mass spectra were acquired with an Ultraflex II MALDI-TOF MS device (Bruker Daltonics) at the Spanish Culture Collection (CECT). The measured mass of spectra was 2000-20 000 Da. The spectra were externally calibrated using Escherichia coli DH5a. For automated data analysis, raw spectra were processed using the MALDI BioTyper 1.1 software (Bruker Daltonics) as described by Maier et al. [14] , where a score of 2300-3000 means highly probable species identification and of 2000-2299 indicates secure genus identification and probable species identification.
The 16S rRNA gene of each bacterium was sequenced using the universal primer pair pA (5¢-AGAGTTTGATCCTGGC TCAG-3¢) and pH (5¢-AAGGAGGTGATCCAGCCGCA-3¢) as described by Edwards et al. [15] . In addition, amplifications of the housekeeping genes atpA (a subunit of ATP synthase), pyrH (encoding uridyl monophosphate kinase), recA (encoding recombinase A), rpoA (a subunit of RNA polymerase) and rpoD (encoding the RNA polymerase sigma factor) were performed as previously described [9] . Amplified PCR products were analysed on 2 % (w/v) agarose gel with Tris-acetate-EDTA (TAE) buffer stained with 1 : 10 000 GelRed Nucleic Acid Gel Stain (Biotium), at 80 V for 90 min. The GeneRuler 100 bp DNA Ladder Plus (Thermo Scientific) was used as a molecular mass marker and gels were photographed using the UV transilluminator Gel Doc XR+ (Bio-Rad). The PCR products were purified using the Wizard SV Gel and PCR Clean-Up System (Promega) as described by the manufacturer and then sequenced by Macrogen.
The 16S rRNA gene sequences were analysed using the online EzTaxon-e tool available at http://eztaxon-e.ezbiocloud. net/ [16] . On the other hand, 16S rRNA, atpA, pyrH, recA, rpoA and rpoD gene sequences were aligned with other sequences of phylogenetically close Vibrio species that were obtained from public databases (Tables S1 and S2 , available in the online Supplementary Material) using MEGA software version 5 [17] . Genetic distances were obtained using Kimura's two-parameter model [18] using the pairwise deletion parameter for data subsets. Afterwards, they were clustered with the neighbour-joining algorithm [19] and tested with the bootstrap method (1000 replications).
High-molecular-mass DNA for determination of the G+C content was extracted using the High Pure PCR Template Preparation Kit (Roche). The G+C content was determined following the fluorimetric method described by Gonz alez and Saiz-Jimenez [20] as modified by Lasa et al. [21] . Lactococcus lactis subsp. lactis CECT 4433
T , E. coli CECT 433 T and Pseudomonas aeruginosa CECT 4122 T were used as controls.
DDH experiments between V. tapetis subsp. tapetis CECT 4600 T or V. tapetis subsp. britannicus CECT 8161 T and the isolates Q047 or QL-9
T (and between the isolates) were carried out by the hydroxyapatite method using microtitre plates [9, 22] with a hybridization temperature (T m ) of 60 C.
To determine the virulence capacities of the isolates, infection trials were conducted in fine flounder (weighing 5.2 ±1.2 and 161.9±22.4 g) as a model fish species. Healthy, fine flounder obtained from a farm with no history of recent sanitary problems were used for this study. Five fish randomly selected were subjected to standard macroscopic and bacteriological examination, as well as analyses by PCRbased methods for pathogens previously reported in Chile [23, 24] .
Ten small fish per 50 litre plastic tank with aerated seawater from CIMARQ were inoculated with the bacteria by intraperitoneal injection with 0.1 ml of 10-fold dilutions in 0.85 % (w/v) NaCl ranging from 4.4Â10 5 to 4.4Â10 7 cells per fish. In the case of the adult specimens, four were inoculated by intraperitoneal injection with 0.2 ml of 10-fold dilutions ranging from 2Â10 5 to 2Â10 7 cells per fish. Another two tanks with fish injected with TSB-1 were included as controls. All trials were maintained in a closed system with 50 µm filtered seawater for up to 21 days at 17±1 C, and salinity of 35 ‰. Fish were fed daily at 1.5 % body weight and water in each tank was changed once every 2 days to remove faecal matter. An inoculated strain was searched for by culturing from each internal organ (kidney, spleen, liver) of all fishes (dead or alive) by direct streaking onto TSA-1 plates.
The seven isolates were Gram-stain-negative, motile rods, catalase-and oxidase-positive, fermented D-glucose and presented susceptibility to the vibriostatic agent O/129 (10 and 150 µg), all of which are typical characteristics of the genus Vibrio [3] . Moreover, they were able to grow on media supplemented with 1-6 % (w/v) NaCl, at temperatures of 15-25 C, but not at 4 C. Good growth was observed on marine agar and Flexibacter maritimus agar but no growth was visible on nutrient agar, MacConkey agar, R2A agar or TYES.
Although all isolates grew on TCBS agar, isolates recovered from fine flounder (QL-9
T , QL-35, QL-41) as well as the V. tapetis subsp. britannicus type strain showed acid production from sucrose but this reaction was neither observed with the red conger isolates nor with the V. tapetis subsp. tapetis type strain. Other biochemical properties obtained for the seven isolates and V. tapetis subsp. tapetis CECT 4600 T and V. tapetis subsp. britannicus CECT 8161 T are shown in Table 1 .
The use of the miniaturized API systems confirmed the differences previously reported between V. tapetis subsp. tapetis and V. tapetis subsp. britannicus type strains, i.e. they were distinguishable in their capacity for acid production from mannitol and the utilization of citrate [9] . However, although the isolates recovered from red conger eel (Q20, Q047, Q48 and Q50) showed almost the same results as strain CECT 4600 T , they differed in their capacity for utilization of citrate as sole carbon source (Table 1) . Furthermore, the fine flounder isolates (QL-9 T , QL-35, QL-41) were very similar to strain CECT 8161 T but they could be differentiated from this strain by their capacity for acid production from turanose, and their a-chymotrypsin and acid phosphatase activities (Table 1) .
ERIC-PCR and REP-PCR analysis allowed us to clearly differentiate two genetic groups within Chilean V. tapetis that seem to be related to the host origin of the isolates. One of these groups contained all isolates from red conger eel included in this study, while the other contained the remaining fine flounder isolates (Fig. S1 ). ERIC-PCR patterns from V. tapetis subsp. tapetis CECT 4600
T from Manila clams and V. tapetis subsp. britannicus CECT 8161
T from Atlantic halibut, as well as the REP-PCR pattern from the latter strain, clearly differed from those obtained from Chilean isolates. In contrast, the REP-PCR pattern from V. tapetis subsp. tapetis CECT 4600 T was similar to those obtained from red conger eel isolates. These results agree with those reported by Rodriguez et al. [8] , who observed a clustering among strains highly associated with host origin, concluding that these methods are useful for the intraspecific typing of strains of this species, and that they can be used as a fast and reliable tool for epidemiological studies [8] .
The scores obtained by MALDI-TOF MS from cell extracts confirmed isolate QL-9
T as belonging to the species V. tapetis but more closely related to V. tapetis subsp. tapetis CECT 4600 T (2.505) than to V. tapetis subsp. britannicus CECT 8161 T (2.244) (Fig. S2 ).
Nearly complete 16 rRNA gene sequences (1417 bp) were determined for the seven new isolates. Phylogenetic analysis based on these sequences using the neighbour-joining method confirmed their position in the genus Vibrio, and allocated them to V. tapetis, showing 99-100 % similarity with V. tapetis subsp. tapetis CECT 4600 T and V. tapetis subsp. britannicus CECT 8161 T (Fig. 1 ). Balboa and Romalde [9] have reported that V. tapetis forms a robust monophyletic group within the genus, and our results confirmed these findings.
Multilocus sequence analysis (MLSA) has been proposed as a valuable technique for the identification of vibrios, and for determination of their phylogenetic position, including V. tapetis [9, 25] . In this sense, the phylogenetic tree reconstructed using the partial sequences of atpA (580 bp, Fig.  S3 ), pyrH (454 bp, Fig. S4), recA (515 bp, Fig. S5 ), rpoA (760 bp, Fig. S6) and rpoD (504 bp, Fig. S7 ), and their concatenated (2815 bp, Fig. 2 ) genes showed a similar topology and consistently revealed the existence of three wellsupported subgroups: a subgroup including all V. tapetis subsp. tapetis strains as well as isolates Q047, Q48 and Q50 from red conger eel; another subgroup including the V. tapetis subsp. britannicus strains; and a third subgroup including isolates QL-9
T , QL-35 and QL-41 from fine flounders (Figs 2 and S3-S7 ). The only exception was for the rpoA gene (Fig. S6) , for which no differences could be Enzyme activity (API ZYM): observed between isolates from each subgroup, and the subgroup including fine flounder isolates could not be clearly separated from that of V. tapetis subsp. tapetis strains. However, this topology is due to the high similarity of the sequences for this gene, which was previously described by Balboa and Romalde [9] . When the concatenated sequences were analysed (Tables 2 and Fig. 2 ), similarity ranged from 99.0 to 99.8 % between isolates of the same subgroup, and from 95.1 to 97.4 % between isolates from different subgroups. Moreover, similarity between concatenated sequences of all isolates from subgroups of V. tapetis and other Vibrio species ranged from 81.0 to 87.6 %. Sawabe et al. [26] demonstrated that MLSA is a powerful method for delineating a Vibrio species and a monophyletic group or clade. These authors reported a value of approximately 97 % sequence similarity of concatenated sequences to define a species boundary. Our results support the utility of MLSA for species delineation and also suggest that the three isolates from fine flounder may belong to a novel subdivision within V. tapetis. The DNA G+C content of isolate QL-9 T and V. tapetis subsp. britannicus CECT 8161 T was 43.9 mol%, while that of V. tapetis subsp. tapetis CECT 4600 T was 43.2 %. This species was originally described as having a DNA G+C content range of 42.9-45.5 mol% [3] .
The isolates QL-9
T and Q047 were selected as representatives of fine flounder and conger eel, respectively. The DDH reassociation value between QL-9 T and Q047 was 72 % (reciprocal 75 %). DDH experiments between these two isolates and the type strain CECT 4600
T showed DNA association levels of 78 % (reciprocal 76 %) and 89 % (reciprocal 94 %), respectively, whereas those with the type strain CECT 8161 T were 79 % (reciprocal 80 %) and 72 % (reciprocal 73 %), respectively. These results were higher than the 70 % threshold for species delineation [27] , confirming that all of them belong to V. tapetis. Moreover, the tight relationship among Q047 and CECT 4600 T supported that the isolates from conger eel belong to V. tapetis subsp. tapetis. The DDH values obtained for the isolate from fine flounder (QL-9 T ) were similar to those previously observed between both subspecies of V. tapetis, i.e. from 66 to 80 % [9] . These results also suggested that the three fine flounder isolates represent a single novel subspecies within V. tapetis.
Pathogenicity assays were carried out for isolate QL-9
T as a representative of this novel subspecies. Regardless of fish size and doses used, this isolate was not able to cause mortality or induce disease when fish were intraperitoneally injected. In addition, no macroscopic morphological changes were observed in internal organs from all fish, including the negative control group. Bacteriological examination revealed no presence of isolate QL-9 T . The results of our challenge tests agree with previous studies on the pathogenicity of V. tapetis for other fish species [4, 6] . It is important to note that the fish from which the bacterial isolates were obtained had been previously included in a study on the effect of nutritional status on the muscle of fine flounder [28] . Therefore, we cannot rule out that a clinical effect of V. tapetis on fine flounder may have occurred when the fish were subjected to stressful situations, e.g. nutritional stress [28] .
In conclusion, the results presented here confirmed the presence of V. tapetis in diseased red conger eel and fine flounder, allowing us to extend the known host range and geographical location for this pathogen. Our polyphasic study also clearly demonstrated that the three isolates from fine flounder represent a novel subdivision within V. tapetis, for which the name V. tapetis subsp. quintayensis subsp.
nov. is proposed, with QL-9 T (=CECT 8851 T =LMG 28759 T ) as the type strain. The isolates were isolated from kidney and liver of three diseased fine flounder specimens, but the type strain was non-pathogenic for this species under laboratory conditions. Characteristics are as previously emended [9] , with the exception of the capacity for utilization of citrate as sole carbon source of some strains being variable for this character. Furthermore, this subspecies is not able to produce acid from turanose and shows no a-glucosidase activity and variable results for acid phosphatase activity.
The type strain is B1090 T (=CECT 4600 T =LMG 19706 T ).
EMENDED DESCRIPTION OF V. TAPETIS SUBSP. BRITANNICUS
Vibrio tapetis subsp. britannicus (bri.tan¢ni.cus. L. masc. adj. britannicus of or pertaining to Britannia, the Latin name for the British Isles, where the isolates were obtained).
Characteristics are as previously described [9] , with the exception of its capacity for acid production from turanose and acid phosphatase activity as well as its lack of a-glucosidase activity.
The type strain, HH6087 T (=CECT 8161 T =CAIM 1874 T ), was isolated by Reid et al. [4] from Hippoglossus hippoglossus at the Marine Harvest Cultivation Unit at Inverailort (Scotland).
DESCRIPTION OF VIBRIO TAPETIS SUBSP. QUINTAYENSIS SUBSP. NOV.
Vibrio tapetis subsp. quintayensis (quin.tay.en¢sis. N.L. masc. adj. quintayensis referring to Quintay bay, Valparaíso, Chile, where the isolates were obtained).
Characteristics are as given in the description of V. tapetis [9] with the exception of its a-glucosidase activity and no acid phosphatase activity as well as the lack of capacity for acid production from turanose.
The type strain is QL-9 T (=CECT 8851 T =LMG 28759 T ), isolated from kidney of diseased fine flounder. 
